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97378403 EMBASE 
1997378403 

Immunisation with recombinant AMA-1 

protects mice against infection with Plasmodium chabaudi . 
Anders R.F.; Crewther P.E.; Edwards S.; Margetts M.; 
Matthew M.L.S.M.; Pollock B.; Pye D. 

R.F. Anders, Coop. Res. Ctr. Vaccine Technol . , Walter/Eliza 
Hall Inst. Medical Res., Post Office Royal Melbourne 
Hospital, Melbourne, Vic. 3052, Australia 
Vaccine, (1998) 16/2-3 (240-247). 
Refs: 22 

ISSN: 0264-410X CODEN: VACCDE 
S 0264-410X{97) 00178-3 
United Kingdom 
Journal; Article 
004 Microbiology 

026 Immunology, Serology and Transplantation 

037 Drug Literature Index 

English 
English 

The Plasmodium merozoite surface antigen apical membrane 
antigen-1 (AMA-1) has previously been shown to 

provide partial protection to Saimiri and rhesus monkeys immunised with 
recombinant Plasmodium fragile or parasite-derived Plasmodium knowlesi 
AMA-1, respectively. In the study reported here we have 

used the Plasmodium chabaudi /mouse model system to extend ourpre-clinical 
assessment of an AMA-1 vaccine. We describe here the 
expression of the full-length Plasmodium chabaudi adami 
AMA-1 and the P. chabaudi adami AMA-1 

ectodomain using both baculovirus and Escherichia coli. The 
ectodomain expressed in E. coli which contained an N- terminal 
hexa-his tag, was purified by Ni-chelate chromatography and refolded in 
vitro in the presence of oxidised and reduced glutathione to generate 
intramolecular disulphide bonds. In a series of vaccine trials, in both 
inbred and outbred mice, highly significant protection was obtained by 
immunising with the refolded AMA-1 ectodomain 

. Protection was shown to correlate with antibody response and was 
dependent on intact disulphide bonds. Passive transfer of antibodies 
raised in rabbits against the refolded AMA-1 

ectodomain was also protective. In view of this demonstration that 
E. coli expression of a soluble P. chabaudi AMA- 

1 domain can generate a vaccine that is effective in mice, we are 
pursuing a similar approach to generating a vaccine against P. falciparum 
for testing in human volunteers. 
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PubMed ID: 9494728 

Protein expression both in mammalian cell lines and in 
yeast Pichia pastoris using a single expression plasmid. 
Liu Z; Cashion L M; Pu H 

Berlex Biosciences, Richmond, CA 94804-0099, USA. 
BioTechniques , (1998 Feb) 24 (2) 266-8, 270-1. 
Journal code: 8306785. ISSN: 0736-6205. 
United States 

Journa 1 ; Art i c 1 e ; ( JOURNAL ARTI CLE ) 
English 

Priority Journals < 
199804 

Entered STN: 19980422 
Last Updated on STN : 19980422 
Entered Medline: 19980410 
We have designed and constructed a novel expression vector capable of 
producing recombinant proteins in both mammalian cell lines and the yeast 
strain Pichia pastoris. In this vector, a yeast promoter is placed inside 
an intron of the mammalian transcription unit. A yeast 

transcription termination sequence is placed immediately downstream of the 
mammalian polyadenylation site. In mammalian cells, 

transcription is driven by a mammalian promoter. The yeast promoter 
within the intron is removed by RNA processing. However, protein 
expression in yeast cells can be achieved utilizing the yeast 
promoter immediately upstream of the 3' splice site and the target genes. 
Our data indicate that this vector can express beta-galactosidase 
efficiently in both mammalian cell lines and the yeast strain P. pastoris. 
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PubMed ID: 7590244 

The 160-kD subunit of human cleavage -polyadenylation 
specificity factor coordinates pre-mRNA 3 1 -end formation. 
Murthy K G; Manley J L 

Department of Biological Sciences, Columbia University, New 
York, New York 10027, USA. 
GM 28983 (NIGMS) 

Genes & development, (1995 Nov 1) 9 (21) 2672-83. 
Journal code: 8711660. ISSN: 0890-9369. 
United States 

Journal; Article; (JOURNAL ARTICLE). 
English 

Priority Journals 
GENBANK-U37 012 
199512 

Entered STN : 19960124 
Last Updated on STN: 19980206 
Entered Medline: 19951226 
Cleavage-polyadenylation specificity factor (CPSF) is a multisubunit 
protein that plays a central role in 3' processing of mammalian pre-mRNAs. 
CPSF recognizes the AAUAAA signal in the pre-mRNA and interacts with other 
proteins to facilitate both RNA cleavage and poly (A) synthesis. Here we 
describe the isolation of cDNAs encoding the largest subunit of CPSF 
(160K) as well as characterization of the protein product. Antibodies 
raised against the recombinant protein inhibit 

polyadenylation in vitro, which can be restored by purified CPSF. 
Extending previous studies, which suggested that 160K contacts the 
pre-mRNA, we show that purified recombinant 160K can, by itself, bind 
-preferentially to AAUAAA- containing RNAs . - -While the sequence of 160K 
reveals similarities to the RNP1 and RNP2 motifs found in many RNA-binding 
proteins, no clear match to a known RNA-binding domain was found, and RNA 
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AB 



recognition is therefore likely mediated by a highly diverged or novel 
structure. We also show that 160K binds specifically to both the 77K 
(suppressor of forked) subunit of the cleavage factor CstF and to poly (A) 
polymerase (PAP) . These results provide explanations for previously 
observed cooperative interactions between CPSF and CstF, which are 
responsible for poly (A) site specification, and between CPSF and PAP, 
which are necessary for synthesis of the poly (A) tail.- Also supporting a 
direct role for 160K in these interactions is the fact that 160K by itself 
retains partial ability to cooperate with CstF in binding pre-mRNA and, 
unexpectedly, inhibits PAP activity in in vitro assays. We discuss the 
significance of these multiple functions and also a possible evolutionary 
link between yeast and mammalian polyadenylation 
suggested by the properties and sequence of 160K. 
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AUTHOR: Romanos M.A.; Makoff A.J.; Fairweather N.F.; Beesley K.M. ; 

Slater D.E.; Rayment F.B.; Payne M.M. / Clare J.J. 
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COUNTRY: United Kingdom 

DOCUMENT TYPE: Journal; Article 
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LANGUAGE : Engl i sh 

SUMMARY LANGUAGE: English 

AB Fragment C is a non-toxic 50kDa fragment of tetanus toxin which is a 

candidate subunit vaccine against tetanus. The AT-rich Clostridium tetani 
DNA encoding fragment C could not be expressed in Saccharomyces cerevisiae 
due to the presence of several fortuitous polyadenylation sites 
which gave rise to truncated mRNAs . The polyadenylation sites 
were eliminated by chemically synthesising the DNA with increased 
GC-content (from 29% to 47%) . Synthesis of the entire gene (1400 base 
pairs) was necessary to generate full-length transcripts and for 
protein production in yeast- Using a GAL1 

promoter vector, fragment C was expressed to 2-3% of soluble cell protein. 
Fragment C could also be secreted using the a-factor leader peptide 
as a secretion signal. The protein was present at v 5-10mg/l in the culture 
medium in two forms: a high molecular mass hyper-glycosylated protein 
(75-200kDa) and a core-glycosylated protein (65kDa) . Intracellular 
fragment C was as effective in vaccinating mice against tetanus as 
authentic fragment C. The glycosylated material was inactive, though it 
was rendered fully active by de-glycosylation . 
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AB The apical membrane antigen 1 (AMA-1) family is a promising family of 
malaria blood-stage vaccine candidates that have induced protection in 
rodent and nonhuman primate models of malaria. Correct conformation of the 
protein appears to be essential for the induction of parasite-inhibitory 
responses, and these responses appear to be primarily antibody mediated. 
Here we describe for the first time high-level secreted expression 
(over 50 mg/liter) of the Plasmodium vivax AMA-1 (PV66/AMA-1) 
ectodomain by using the methylotrophic yeast 
Pichia pastoris. To prevent nonnative glycosylation, a 
conservatively mutagenized PV66/AMA-1 gene (PV66Aglyc) lacking N- 
glycosylation sites was also developed. Expression of the 
PV66Aglyc ectodomain yielded similar levels of a 

homogeneous product that was nonglycosylated and was readily purified by 
ion-exchange and gel filtration chromatographies. Recombinant 
PV66Aglyc43-487 was reactive with con format ion -dependent monoclonal 
antibodies. With the SB AS 2 adjuvant, Pichia-expressed 
PV66Aglyc43-487 was highly immunogenic in five rhesus monkeys, 
inducing immunoglobulin G enzyme- linked immunosorbent assay titers in 
excess of 1:200,000. This group of monkeys had a weak trend showing lower 
cumulative parasite loads following a Plasmodium cynomolgi 
infection than in the control group. 
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The control of Plasmodium falciparum malaria by vaccination will require 
immunization with multiple parasite antigens effectively formulated in 
combination. In this regard, proteins expressed on the surface of 
blood-stage merozoites are attractive as vaccine targets given their 
functional importance in the invasion of erythrocytes and accessibility to 
serum antibodies. We have utilized a Plasmodium chabaudi vaccine model to 
begin to evaluate the efficacy of immunization with combined formulations 
of apical membrane antigen-1 (AMA- 

1) and merozoite surface protein-1 (MSP-1) . Using a pET/T7 RNA 
polymerase bacterial expression system, we have expressed, 
purified and refolded recombinant antigens representing the 54kDa 
ectodomain of Pc AMA-1 and the 42kDa 

C-terminus of Pc MSP-1. Immunization with recombinant Pc AMA- 
1+Pc MSP-1 (42) induced a high level of protection against P . 
chabaudi malaria with protective efficacy varying with antigen dose, 
choice of adjuvant, and immunization protocol. Based on the reduction of 
P. chabaudi parasitemia, Alum proved effective for use with the 
combination of Pc AMA-1 and Pc MSP-1 (42) . The use of 
Quil A was similarly effective with single or combined antigen 
immunizations, particularly with low antigen dose. In general, serological 
analysis of prechallenge sera indicated a dominant IgGl response. For a 
given formulation, immunization with the combination of Pc AMA- 
1 and Pc MSP-1 (42) elicited IgG responses comparable to those 
observed following immunization with each antigen alone. However, 
prechallenge antibody titers alone were not predictive of protective 
efficacy. While Pc AMA-1 and Pc MSP-1 (42) can be 

effectively formulated in combination, further study is needed to define 
measurable parameters of protective T cell and B cell responses induced by 
Pc AMA-l+Pc MSP-1 (42) that are predictive of vaccine 
efficacy. .COPYRGT. 2003 Elsevier Science Ltd. All rights reserved. 
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AB The apical membrane antigen 1 (AMAl 

) has emerged as a promising vaccine candidate against malaria. Advanced 
evaluation of its protective efficacy in humans requires the production o 
highly purified and correctly folded protein. We describe here a process 
for the expression, fermentation, refolding, and purification of 
the recombinant ectodomain of AMAl (amino acids 

83 (Gly) to 531 (Glu) ) of Plasmodium falciparum (3D7) produced in 
Escherichia coli. A synthetic gene containing an E. coli codon bias was 
cloned into a modified pET32 plasmid, and the recombinant protein was 
produced by using a redox-modif ied E. coli strain, Origami (DE3) . A 
purification process was developed that included Sarkosyl extraction 
followed by affinity purification on a Ni-nitrilotriacetic acid column. 
The recombinant AMAl was refolded in the presence of reduced and 
oxidized glutathione and further purified by using two ion-exchange 
chromatographic steps. The final product, designated AMAl/E, was 
homogeneous, monomer ic, and >99% pure and had low endotoxin content and 
low host cell contamination. Analysis of AMAl/E showed that it 
had the predicted primary sequence, and tertiary structure analysis 
confirmed its compact disul fide-bonded nature. Rabbit antibodies made to 
the protein recognized the native parasite AMAl and inhibited 
the growth of the P. falciparum homologous 3D7 clone in an in vitro assay 
Reduction- sensitive epitopes on AMAl/E were shown to be 
necessary for the production of inhibitory anti-AMAl antibodies. 
AMAl/E was recognized by a conformation-dependent, 

growth- inhibitory monoclonal antibody, 4G2dcl. The process described here 
was successfully scaled up to produce AMAl/E protein under GMP 
conditions, and the product was found to induce highly inhibitory 
antibodies in rabbits. 
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AB The apical membrane antigen 1 (AMA 



-1) family is a promising family of malaria blood-stage vaccine 
candidates that have induced protection in rodent and nonhuman primate 
models of malaria. Correct conformation of the protein appears to be 
essential for the induction of parasite-inhibitory responses, and these 
responses appear to be primarily antibody mediated. Here we describe for 
the first time high-level secreted expression (over 50 mg/liter) 
of the Plasmodium vivax AMA-1 (PV66/AMA- 
1) ectodomain by using the methyl otrophic yeast Pichia 

pastoris. To prevent nonnative glycosylation, a conservatively mutagenized 
PV66/AMA-1 gene (PV66Aglyc) lacking N- 

glycosylation sites was also developed. Expression of the 
PV66Aglyc ectodomain yielded similar levels of a 

homogeneous product that was nonglycosylated and was readily purified by 
ion-exchange and gel filtration chromatographies. Recombinant 
PV66Aglyc43-4 8 7 was reactive with conformation-dependent monoclonal 
antibodies. With the SBAS2 adjuvant, Pichia-expressed PV66Aglyc43- 
487 was highly immunogenic in five rhesus monkeys, inducing immunoglobulin 
G enzyme-linked immunosorbent assay titers in excess of 1:200,000. This 
group of monkeys had a weak trend showing lower cumulative parasite loads 
following a Plasmodium cynomolgi infection than in the control group. 
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AB The Plasmodium merozoite surface antigen apical membrane 
antigen-1 (AMA-1) has previously been shown to' 

provide partial protection to Saimiri and rhesus monkeys immunised with 
recombinant Plasmodium fragile or parasite-derived Plasmodium knowlesi 
AMA-1, respectively. In the study reported here we have 

used the Plasmodium chabaudi /mouse model system to extend ourpre-clinical 
assessment of an AMA-1 vaccine. We describe here the 
expression of the full-length Plasmodium chabaudi adami 
AMA-1 and the P. chabaudi adami AMA-1 

ectodomain using both baculovirus and Escherichia coli. The 
ectodomain expressed in E. coli which contained an N- terminal 
hexa-his tag, was purified by Ni-chelate chromatography and refolded in 
vitro in the presence of oxidised and reduced glutathione to generate 
intramolecular disulphide bonds. In a series of vaccine trials, in both 
inbred -and outbred mice, highly significant protection was obtained by 
immunising with the refolded AMA-1 ectodomain 

. Protection was shown to correlate with antibody response and was 

dependent on intact disulphide bonds . Passive-trans fer-of- antibodies 

raised in rabbits against the refolded AMA-1 

ectodomain was also protective. In view of this demonstration that 



E. coli expression of a soluble P. chabaudi AMA- 

1 domain can generate a vaccine that is effective in mice, we are 
pursuing a similar approach to generating a vaccine against P. falciparum 
for testing in human volunteers. 
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The immunosuppressive drug cyclosporin A (CsA) inhibits the growth of 
malaria parasites in vitro and in vivo. Cyclosporin A exerts its 
immunosuppressive effect in T lymphocytes by binding to cyclophilin (CyP) , 
a peptidylprolyl cis-trans isomerase (PPIase) . It is believed that the 
cyclosporin/cyclophilin complex inhibits a Ca (2+) -activated 
protein phosphatase, calcineurin, involved in T-cell activation. 
A cDNA encoding a cyclophilin of the human malaria parasite 
Plasmodium falciparum has been isolated as a step in the 
elucidation of the mechanism of antimalarial action of CsA. This cDNA, 
termed PfCyP, encodes a protein of 195 amino acids which has 
highest similarity with the Candida albicans (73.1%) and the Drosophila 
melanogaster (73.1%) cytoplasmic cyclophilins . A Northern blot reveals an 
approximately 900-bp nucleotide transcript that is consistent with the 
predicted size of the encoded polypeptide. The predicted PfCyP 
protein has a putative endoplasmic-reticulum-directed signal 
sequence at its N-terminus and two potential N-l inked 
glycosylation sites. Expression of PfCyP RNA in an in vitro 
translation/translocation system reveals that the PfCyP protein 
is translocated across microsomes, that the signal peptide is 
cleaved and that the PfCyP protein is glycosylated at two sites. 
The PfCyP cDNA open reading frame coding for the predicted mature 
protein has been expressed in Escherichia coli. The purified 
recombinant protein is an active PPIase (kcat/Km = 2.3 x 

10(6) s-1 M-l); this enzymic activity is inhibited by CsA (IC50 = 10 nM) . 
The PfCyP protein has thus the same sensitivity to CsA as the 
PPIase activity associated with P. falciparum extracts [Bell, A. et al . 
(1994) Biochem. Pharmacol. 48, 495-503] suggesting that PfCyP may be 
responsible for the PPIase activity in those extracts. If different 
cyclophilins exist in P. falciparum, we conclude that either the PfCyP 
protein is the major cyclophilin detected in the parasite or that 
there are other cyclophilins with similar susceptibilities to CsA. 
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AB We have constructed a second generation malaria transmission-blocking 
vaccine candidate based on Pfs25, the predominate surface protein 
of Plasmodium falciparum zygotes, to overcome potential 

production problems with the original construct. Four modifications were 
made: (1) addition of the last cysteine residue of the fourth epidermal 
growth factor like-domain of Pfs25; (2) mutagenesis of asparagine-1 inked 
glycosylation sites with glutamine rather than alanine; (3) 
addition of a six histidine tag at the carboxy- terminus for highly 
efficient purification of recombinant protein on 

nickel -NTA agarose; and (4) fermentation that combines continuous glucose 
fed-batch methodology with pH-controlled glucose addition and a terminal 
ethanol feed. The resulting product, TBV25H (Transmission-Blocking 
Vaccine based on Pfs25 with a Histidine tag) , appears to be a more potent 
antigen and immunogen than the original construct, and the fermentation 
and post -fermentation processing methodology easily lend themselves to 
technology transfer to the ultimate users, newly industrialized countries. 
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AB We describe the expression, in insect cells using the baculovirus system, 
of two protein fragments derived from the C-terminus of merozoite surface 
protein 1 (MSP-1) of the human malaria parasite Plasmodium 
falciparum, and their glycosylation and intracellular location. The 
transport and intracellular localisation of the intact C-terminal MSP-1 
fragment, modified by addition of a signal sequence for secretion, was 
compared with that of a similar control protein in which translation of 
the GPI -cleavage/attachment site was abolished by insertion of a stop 
codon into the DNA sequence. Both proteins could only be detected 
intracellularly, most likely in the endoplasmic reticulum. This lack of 
transport to the cell surface or beyond, was confirmed for both proteins 
by immunofluorescence with a specific antibody and characterisation of 
their N-glycans. The N-glycans had not been processed by enzymes 
localised in post -endoplasmic reticulum compartments. In contrast to 
— MSP-1-, the surface antigen SAG-1- of -Toxoplasma- ^gondii -was -ef f iciently - 
transported out of the endoplasmic reticulum of insect cells and was 
located, at least in part, on the cell surface. No GPI -anchor could be 



detected for either of the MSP-1 constructs or SAG-1, showing that the 
difference in transport is a property of the individual proteins and 
cannot be attributed to the lack of a GPI -anchor. The different 
intracellular location and post-translational modification of recombinant 
proteins expressed in insect cells, as compared to the native proteins 
expressed in parasites, and the possible implications for vaccine 
development are discussed. 
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